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ABSTRACT 

Presented  h e r e  i s  a b r i e f  summary of t h e  

c h a r a c t e r i s t i c s  o f  "grand t o u r "  mis s ions  to t h e  o u t e r  p l a n e t s .  

F i v e  miss ion  o p p o r t u n i t i e s  a r e  a v a i l a b l e  from 1976 th rough 

1980; however, i n  1976 J u p i t e r  passage d i s t a n c e  i s  margina l  

and t r i p  d u r a t i o n s  a r e  longer ,  and i n  1980 l aunch  v e l o c i t i e s  

a r e  h i g h e s t .  Launch windows, t h e  J u p i t e r  swingby e f f e c t ,  

and guidance  requi rements  a r e  d i s c u s s e d .  
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I n t r o d u c t i o n  

There appea r s  to b e  a r a t h e r  g e n e r a l  impress ion  
t h a t  " o u t e r  p l a n e t  grand- tour"  miss ions  u t i l i z i n g  a J u p i t e r  
swingby a r e  a v a i l a b l e  o n l y  i n  1977 and 1978 i n  t h e  c u r r e n t  
t ime frame. It i s  r e p o r t e d  by H .  S .  London, e . g . ,  t h a t  many 
of  t h e  a t t e n d e e s  of t h e  STAC Winter  Meeting" were of  t h i s  
b e l i e f .  T h i s  memorandum b r i e f l y  d i s c u s s e s  t h e  g e n e r a l  
c h a r a c t e r i s t i c s  of  such missions and t h e i r  range of  oppor- 
t u n i t i e s .  The r e a d e r  i s  r e f e r r e d  to References 1 and 2 
f o r  a more comprehensive t r ea tmen t  o f  t h e  s u b j e c t .  

Background 

A p l a n e t a r y  swingby i s  de f ined  h e r e  to be a c l o s e  
approach t o  a p l a n e t  i n  o rde r  to f a v o r a b l y  p e r t u r b  t h e  
t r a j e c t o r y  to a n o t h e r  p l a n e t .  A p l a n e t a r y  f l y b y ,  on t h e  
o t h e r  hand, i s  a c l o s e  approach t o  a p l a n e t  p r i m a r i l y  f o r  
purposes  of  reconnaissance ' .  

The "grand t o u r ' '  missions a r e  comprised o f  
s u c c e s s i v e  c l o s e  approaches to J u p i t e r ,  Sa tu rn ,  Uranus, 
and Neptune--the Jovian  p l a n e t s .  These unpowered f l i g h t s  
a r e  p r a c t i c a l ,  acco rd ing  to Si lve r1 ,  o n l y  f o r  s p e c i f i c  
p l a n e t a r y  c o n f i g u r a t i o n s  when t r a i l i n g - e d g e  passages  o f  
each  p l a n e t  can be made, t he reby  i n c r e a s i n g  t h e  h e l i o -  
c e n t r i c  energy  of t h e  t r a j e c t o r y  a s  each encoun te r  i s  
accomplished. The d e s i r e d  c o n f i g u r a t i o n  of  t h e  p l a n e t s  
occurs  o n l y  once eve ry  179 years  w i t h  t h e  next  o p p o r t u n i t y  
o c c u r r i n g  d u r i n g  the  l a t e  1970's. However, s i n c e  t h e s e  

o u t e r "  p l a n e t s  move r e l a t i v e l y  s lowly  i n  t h e i r  r e s p e c t i v e  
o r b i t s ,  t h e i r  r e l a t i o n  t o  each o t h e r  remains g e n e r a l l y  i n -  
t a c t  f o r  s e v e r a l  y e a r s ,  a n d  hence a number of  launch 
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o p p o r t u n i t i e s  from e a r t h  occur ,  a t  i n t e r v a l s  determined by 
t h e  synodic  per iod  of J u p i t e r  wi th  E a r t h  - 13 months, 
approximate ly  . 

It should a l s o  be noted t h a t ,  a s  S i l v e r  p o i n t s  
o u t  , grand t o u r s  which s k i p  J u p i t e r  (Earth-Saturn-Uranus-Neptune ) 
should be a v a i l a b l e  f o r  some y e a r s  a f t e r  1980, a l though  h i g h e r  
launch  v e l o c i t i e s  would be r e q u i r e d  than  f o r  t h e  complete 
mis s ion .  

Importance of t h e  J u p i t e r  Swingby 

p l a n e t s  e x i s t s ,  reasonable-energy  grand t o u r  t r a j e c t o r i e s  a r e  
h e a v i l y  dependent upon the J u p i t e r  swingby e f f e c t .  Even 
though J u p i t e r ' s  mean d e n s i t y  i s  l e s s  than  one- four th  t h a t  
o f  e a r t h  its enormous s i z e  makes i t  a s t r o n g  c e n t e r  of 
g r a v i t a t i o n a l  a t t r a c t i o n .  The t r a i l i n g - e d g e  encoun te r  i n  
1977, f o r  example, i n c r e a s e s  t h e  s p a c e c r a f t  s h e l i o c e n t r i c  
v e l o c i t y  by 11 km/sec (36,000 f p s ) .  Deerwester* d e s c r i b e s  i n  
d e t a i l  t h e  J u p i t e r  swingby e f f e c t  a p p l i e d  t o  a mission t o  
Uranus i n  1978. Even f o r  r e l a t i v e l y  h igh  approach speeds  
a c lose  approach produces a l a r g e  t u r n  a n g l e ,  e , g . ,  approx- 
i m a t e l y  115" i n  1978. 
p l a n e t a r y  encoun te r  w i t h  a h e l i o c e n t r i c  v e l o c i t y  of more 
than  twice  J u p i t e r ' s  o r b i t a l  v e l o c i t y  and almost  i n  t h e  
same d i r e c t i o n .  Thus, t h e  encoun te r  impar t s  s u f f i c i e n t  energy 
to t h e  s p a c e c r a f t  f o r  an escape from t h e  s o l a r  system. 

Assuming t h a t  t h e  a p p r o p r i a t e  c o n f i g u r a t i o n  o f  t h e  

The s p a c e c r a f t  emerges from t h e  

The Grand Tour ODDortunitv 

S i l v e r  provides  t a b l e s  and graphs  i l l u s t r a t i n g  t h e  
c h a r a c t e r i s t i c s  of  grand t o u r  miss ions  a v a i l a b l e  from 1976 
through 1980--five o p p o r t u n i t i e s .  I n  1975 J u p i t e r  has  no t  
y e t  moved i n t o  good p o s i t i o n  i n  r e l a t i o n  t o  Sa tu rn ,  and i n  
1981 J u p i t e r  has  moved ahead t o o  f a r  f o r  t he  probe to "p ick  
up" a d d i t i o n a l  h e l i o c e n t r i c  energy  from J u p i t e r ,  s o  t h e s e  
bounding c a s e s  a r e  o f  o n l y  marginal  u t i l i t y .  However, f o r  
each of  t h e  remaining f i v e  o p p o r t u n i t i e s  t h e r e  i s  a 2-to-3 
week launch  window a v a i l a b l e ,  and some l a t i t u d e  e x i s t s  i n  t h e  
p l a n e t a r y  passage d i s t a n c e s  o r  passage d a t e s .  Launch d a t e s  
d i f f e r  by a f e w  days if i n t e r i o r  r a t h e r  t h a n  e x t e r i o r  passages  
of  S a t u r n ' s  r i n g s  a r e  cons idered ,  and bo th  c l a s s e s  a r e  
i n v e s t i g a t e d  i n  equa l  d e t a i l .  For e i t h e r  i n t e r i o r  o r  e x t e r i o r  
passage of the r i n g s ,  launch c h a r a c t e r i s t i c  v e l o c i t y  i s  
lowes t  i n  1976 and i n c r e a s e s  monotonica l ly  through 1980. 
Minimum v e l o c i t i e s  go f rom about 49,000 f p s  t o  57,000 f p s  
f o r  i n t e r i o r  passage,  and from about  47,000 t o  54,000 f p s  
f o r  e x t e r i o r  passage.  J u p i t e r  passage r a d i u s  appea r s  to 
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be marginal  i n  1976 ( s  1.02 J u p i t e r  r a d i i  f o r  i n t e r i o r  passage 
of  S a t u r n ' s  r i n g s ,  1.5 f o r  e x t e r i o r  p a s s a g e )  b u t  i n c r e a s e s  
s u b s t a n t i a l l y  i n  t h e  succeeding o p p o r t u n i t i e s .  T r i p  t imes  
a r e  lowest  i n  1978 through 1980 (approximate ly  8 y e a r s  f o r  
i n t e r i o r  passage and 11 years  f o r  e x t e r i o r  pas sage ) ,  and a r e  
about  one y e a r  l o n g e r  i n  1977 and two y e a r s  l o n g e r  i n  1976. 

Guidance 

F r i e d l a n d e r 3  d i s c u s s e s  guidance r equ i r emen t s  f o r  
grand t o u r  miss ions  c o n s i d e r i n g  s e p a r a t e l y  r a d a r  t r a c k i n g  
and on-board c e l e  s t i a l  n a v i g a t i o n a l  modes. H e  c o n s i d e r s  
i n t e r i o r  and e x t e r i o r  Sa tu rn  r i n g  passages  i n  bo th  1977 and 
1978 and f i n d s  t h a t  c e l e s t i a l  t r a c k i n g  can reduce the  guidance 
AV requi rements  by  f a c t o r s  of 2 t o  4 ,  t h a t  i n t e r i o r  r i n g  
passages  approximate ly  double t h e  guidance requi rements  o v e r  
e x t e r i o r  r i n g  passages ,  and t h a t  i n  any c a s e  8 t o  10 c o r r e c t i v e  
maneuvers w i l l  be r e q u i r e d .  He concludes  t h a t  wh i l e  t h e  
guidance requi rements  f o r  grand t o u r  miss ions  a r e  more s e v e r e  
t h a n  f o r  c u r r e n t  by envis ioned  p l a n e t a r y  miss ions ,  t h e y  a r e  
n o t  beyond t h e  p r e s e n t  o r  p ro jec t ed  s t a t e - o f - t h e - a r t .  A 
s t r o n g  case  i s  made f o r  an on-board c e l e s t i a l  t r a c k i n g  
c a p a b i l i t y .  

Summary 

Grand Tour miss ions  t o  t h e  o u t e r  p l a n e t s  a r e  
a v a i l a b l e  a t  13-month i n t e r v a l s  from 1976 through 1980. 
These o p p o r t u n i t i e s  r e l y  h e a v i l y  upon t h e  J u p i t e r  swingby 
e f f e c t ,  and t h e  a p p r o p r i a t e  c o n f i g u r a t i o n  o f  t h e  p l a n e t s  
involved  w i l l  no t  p r e s e n t  i t s e l f  a g a i n  f o r  a n o t h e r  179 y e a r s .  

Adequate launch  windows and moderate launch  e n e r g i e s  
a r e  c h a r a c t e r i s t i c  o f  each mission o p p o r t u n i t y ,  and t r i p  
d u r a t i o n s  t o  t h e  o u t e r  p l a n e t s  a r e  d r a s t i c a l l y  reduced by t h e  
J u p i t e r  swingby ove r  comparable-energy Hohmann t r a n s f e r s .  

Guidance requi rements  f o r  grand t o u r  miss ions  
a p p e a r  t o  be w i t h i n  the  p re sen t  s t a t e - o f - t h e - a r t .  

1013-AAV-nma A .  A .  VanderVeen 

A t  tachmen t 
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